When cells of the eukaryotic microorganism Dictyostelium discoideum are repeatedly exposed to electric fields, they fuse into multinuclear, motile cells, the largest ones containing more than 40 nuclei. Under optimal conditions, i.e., initial field intensities of 4 to 6 kV/cm with decay times of about 40 ps, lysis of cells as a result of membrane permeabilization is negligible. This means that cells can be fused extensively without substantial loss. The apparatus used for generating high electric impulses of short duration has been described elsewhere [1] . Most of our experiments were carried out using the D. discoideum strain Ax-2, which is adapted to growth in liquid medium [2] . However, similar results were obtained with a wildtype strain, v-12/M2, grown in suspension on E. coil B/r as a nutrient. Impulses of the initial field intensity Eo decaying exponentially with time according to E(t) = Eo" exp (-t/RC) were applied (R resistance of the cell suspension ; C capacitance of the discharge circuit). Cells were suspended in 17 mM Soerensen phosphate buffer pH 6.0 at a density of 107 or 2.10 s cells/ml and, in the latter case, bubbled with oxygen before transferring 1-ml samples into a chamber equipped with two flat platinum electrodes separated by a distance d-1.4 cm. At the lower density the cells had to be agglutinated by rolling the suspensions in plastic tubes in order to produce maximal contact between the cells before subjecting them to field impulses. Agglutination strongly increased the yield of fused ceils. Repeated impulses given at intervals of 1 to 3 s were more efficient than single ones.
Impulses Applied
Our standard procedure consisted of 3 or 4 impulses applied at intervals of 3 s. Celt fusion was found to have occurred as soon as the cells could be removed from the electrode chamber and put under a microscope, i.e., within the first few seconds after the repeated exposure to an electric field.
MgC1 z or CaC12 at a concentration of 2 mM inhibited fusion when present during field application. Since the absence of divalent cations resulted in delayed lysis of the cells as manifested at about 0.5 h after field application, the fused cells were diluted into phosphate buffer containing 2 mM CaC12.
When cells of strain Ax-2 were used, best results were obtained with impulses of an initial field intensity Eo = 5.7 kV/cm. With a R--1.8.103 s and C=21 nF, the decay time constant was RC= 38 ps. The temperature increase due to Joule heating was calculated as A T-~ 0.18 ~ per pulse; hence the temperature increase appears to be too small for facilitating cell fusion. Quantitative data for a typical experiment are given in Fig. 1 . Histogram showing the increased number of nuclei residing after electric field application in multinuclear cells. 35% of all nuclei were found in cells containing )10 nuclei, and 9% in cells containing )30 nuclei. Cells of these sizes were absent from the controls. In the experiment shown, cells of D. diseoideum strain Ax-2 were grown in nutrient medium as described previously [7] and harvested during exponential growth. Cells were washed in 17 mM Soerensen phosphate buffer pH 6.0 and resuspended in the buffer at a density of 107 cells/ml. Fifteen minutes before field application the cells were allowed to agglutinate under gentle shaking in a roller tube. An electric field of Eo = 5.7 kV/cm was applied three times at intervals of 3 s at 23 ~ Samples of 100 or 200 btl were transferred onto the Teflon membrane of Petriperm dishes (Heraeus, Hanau, Germany) in order to supply the ceils with oxygen. Five rain thereafter 3 ml of 2 mM CaClz solution in phosphate buffer was added, and the cells were allowed to settle and spread on the Teflon surface. The cells were fixed on the surface in 70% ethanol. Nuclei were counted after staining with Mithramycin, a fluorescent stain for DNA [8] which brilliantly labeled nuclei and mitochondria Field intensities of 7 kV/cm or higher caused lysis of many of the cells. Likewise, with a higher capacitance C=52 nF and a resulting decay time constant of RC= 104 ~ts, a large fi'action of the cells was lost because of substantial lysis, even when the initial field intensity was kept at E0=5.7 kV/cm, Wild-type cells of the v-12/M2 strain were more sensitive than those of Ax-2. Consequently, the field intensity was reduced for v-12/M2 to 4.3 kV/ cm and the number of impulses limited to 2 in order to avoid substantial lysis. Electric fields may cause drastic permeability changes in the membranes of various cells and organelles [1, 3] . The primary effect of the field impulses is a transient and local perturbation of the structure of the membrane, which only slowly anneals after pulse termination [4] . In agglutinated cells of D. discoideum the plasma membranes are in contact with each other. Fieldinduced perturbations at sites of adhesion are apparently the starting points for the formation of larger cells by membrane fusion. Cells of D. discoideum appear to contain no sialic acid at their surfaces, hence they are devoid of receptors for Sendal virus, one of the best fusing agents of mammalian cells [5] . Also, polyethylene glycol, now the most widely used fusing agent [6] , did not, in our hands, produce cell fusion in D. discoideum. Thus, electric impulses provide the method of choice for cell fusion in this organism. The electric field method might be adaptable to fusion of other cells also. In D. discoideum the method opens a possibility for mass production of heterokaryons. These can be used in genetic studies as a source of recombinants, as well as in biochemical investigations on the complementation between different mutant nuclei residing in a common cytoplasm. In this context it is of importance that giant multinuclear cells produced shortly after the end of growth are able to develop and to participate in aggregation.
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